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(57) Abstract: A support electrode (2) 
and a counter electrode (16) constituting 
parallel flat-plate electrodes are disposed 
in a process container (1). A substrate 
(W) having an organic material film 
formed thereon is supported on the 
support electrode (2). High-frequency 
power, for forming plasma, having a 
frequency of at least 40 MHz is applied 
to this support electrode (2) to form a 
high-frequency field between the support 
electrode (2) and the counter electrode 
(16). A process gas is supplied into the 
process container (1) to form process gas 
plasma by means of the high-frequency 
field. This plasma is used to plasma-etch 
the organic material film on the substrate 
(W) with an inorganic material film 
as a mask. The process gas includes 
an ionization promoting gas, such as 
Ar, having an ionization energy from a 
normal state or an ionization energy from 
a metastable state of up to 10 eV and a 
maximum ionized sectional area of at 
least 2xl0 16 cm 2 . 
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mum i (DMffl&mMte, m&%L4: omh z £x±(Dmm%im.t)&i&B^, 
(Dmm^-^j^—^ i o e vj^Tx H}^m±mmmmm^ 2 x 1 o 16 c m 2 j^ji 
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* UV\ v-i^CD^IU (Paschen' s law) <t "9 . ^fe: 

•>^!7-^y Kl 614, Vt!7^yK*^16ah -tOTffil-^iftWti^SSl: 
ttkjJtrti^l&IS 1 8 ££r^LTV^ e v-^ 17— 1 6 a©T§Bfc,fctFl 
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in 4 m^-t £ 5 j-a ri9 hm*m,ffimffim&Jz%\<^ 0 m cwttHe 
e ii0 4 \z.m-tx o \z.m.^nmmm^ifi'h^ 0 He, Neiitix^^ 
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4E[Rlte:fc5 r. 1 5 OMHz^TTfcSrirWf LV\ HfflW^ttl O 0 

"9 /h£ VM5 5 tffrt. K 2 0 0 V£AT"Cfe5r i: #5$?* LV> 

fi/^7^i)±v d c ©Jft*HBt*S 5 0 0 VJ^T. 0£ L<tt2 0 0 VJBATt ft 5 
!7 — K 1 6 C/7XvM©4 OMH z J^_h(Di^j^^m^ ^R^Pi"^ 

B/^7^iffV d c ©*ft*Maa* 5 0 0 VU*T. 0* L<li2 0 0 V^Ti:^5 

< iiTO!4 3 Sr^y^V^-rst&fittfc* «3 * < feV\ tfU^, Ar 
iraspJ-fBir&S,, *3fe*^t8T?t±, iiLfci^li, Ar, Xe N Krteft^$ 
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0 0 mm ^x^«^KO|il i: 7*7 X7^|©|#^| &/; 0 @9a *3«tt^iH 
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Ell 2(4, f&mtfx t LTi§3t£^ NH3?rffi^f:i^ *5 4 t>*£ 

A r IsTtM-B-^ 3 0 0mml)x^^^]©fiLii7 1 7X^S©|il> 
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V^T, ^S^§5rtflE^^r 4 P a % t> ^^JSi2J&:&§& 0. 03T (300Gus 
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^ <b b x A r MM : 0 N 3 6 0, 7 2 0 m L/m i n 1 
0 0 MH zt'2 4 0 0 VHDI&im&teti&filJja LTx y ^ ^^^rff o fc c El 1 3 ii, 

m ft a* itfloi- 5 {5 if *&— tt as ^ & 5 ~ £ as $ n fc D 

El 1 5 a & 1 5 b tt, _L!E^ y^^^I^tol>-C, A r S i L 
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tutS^f^^-*)" Lt, -f^^l tiA^- <£>J^|£ 5 00kHz~27M 
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fcSSJSI»Mt*S:?Brici-*. Mlt^s (1) rtM^^Wtt, iSSjl&®# 
H J: 19 ^l^f^ 7 5 o r©/7Xvia V) „ gj|g (W) ±tf>^ 

mm^*'!" 3 ?—** i o e vj^t. ^o*^c«nt»faffaas 2 x 1 0 16 cm 2 $k±<D 



10/538064 

2/12 




FIG. 3 



••«■ • 10/138064 

3/12 




10/538064 

4/12 




Fl 6. 6 



5/12 



10/138064 




FIG. 7b 



10/538064 

6/12 




F I 6. 8 



7/12 



10/538064 



o 
o 

CM 
M 

X 

O 
O 




^ e>? ^ i>? 

10 in in in o) q 

CO LO LO r— - CT> 

CO CD LO ^ CO 

+1 +1 +! -H +1 +| 
o o — o o o 

*o *o *o o *o *o 

X X X *X >< X 

m n r- s o 

• «•»*. 
* — CO « — CO CD f — 



CM 

X 

CNJ CNJ QJ 



tM CM L 

x 2: < z o x 



6 

Ll 



o 
o 
^* 

CNJ 

II 

Nl 

X 

o 
o 




^ ^ ^ ^ ^ 

LO LO LO CO DO CO 

O) ^ ^ O) r-* N 

CO 

+1 +1 +1- +1 "hi +1 

o o — o o o 

o o "o 'o o o 

X X X X X X 

CO O) N O) CO OO 

CM CO f- CO OO r- 



CM 

X 



CM CNJ v. CM CM CD 

x 2 < 2 o DC 



O 

o 

Ll 



( c _uiO) 9 N $%±X££ 



10/538064 



8/12 



s? 

co «— co 

o ro <\i 
in u) 

+1 +1 4-1 
o o o 

o *o o 

X X >< 
« — co CO 

• • • 
C\J CM 



^ o o 

o o o 

O (M ^ 

CO CNJ 




o 'J 



<z> 
o 



o 
oo 



o 

CD 



O 



o 

CM 



E 
§H 

m 

H 



CD 
Li. 



9/12 



• 10/538064 



CO 
I 

£ 



m 



l.4xiO n 
1.2x10 11 
l.OxlO 11 
0.8xl0 10 
0.6 xlO 10 
0.4x10 10 
0.2X10 10 
0 



N 2 /H 2 +Ar 



0 



180/180/0 
-m- 180/180/200 
•A- 180/180/400 h 




25 50 75 100 
Ox/\?l^FRHaS (mm) 



125 



150 



Ar=0: 4.8x10 10 ±50.0% 
Ar=200: 6.5 x10 l0 ± 13.6% 
Ar=400: 8.2 x10 10 ± 11.3% 



FIG. II 



NH 3 +Ar 





1.4X10 11 


CO 

t 


1.2X10 11 


E 


1.0X10 11 


n> 


0.8X10 10 


m 


0.6X10 10 


m 




K 


0.4X10 10 


ih 




Tn 


0.2x1 0 10 




0.0X10° 




0 



25 50 75 100 
9i/\?£;fr|SH5M (mm) 

Ar=0: 4.9x10 1o ±35.2% 
Ar=240: 6.8x10 10 ± 5.7% 



125 150 



FIG. 12 



10/12 



10/538064 




10/53806^ 



1 1/12 




FIG. 14 



12/12 



# 

10/538064 





FIG. 15b 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/16818 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 H01L21/3065- 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols^ 
Int. CI 7 H01L21/3065, H01J37/34 



^^^/^S?^ mm,mUm d ~^ he eXtCnt SUCh docu «ients « included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2002 

Kokai Jitsuyo Shinan Koho 1971-2002 Jitsuyo Shinan Toroku Koho 1996-2004 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 31 



X,Y 



X,Y 



Citation of document, with indication, where appropriate, of the relevant 



US 5272417 A (Tadahiro OMI) , 
21 November, 1993 (21.11.93), 
Column 3, line 61 to column 19, line 45 

6 JP 03-204925 A 

JP 2001-244245 A (Hitachi, Ltd.), 

07 September, 2001 (07.09.01), 
Par. Nos. [0008] to [0030] 

& US 2003/80091 Al 

JP 2000-36484 A (Tokyo Electron Ltd.), 
20 September, 2002 (20.09.02), 
Par. Nos. [0009] to [0051] 
(Family: none) 



passages 



Relevant to claim No. 



9, 3,4,7,8, 
10-13 



1,3-8,10-13 



5,6 



[x] Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited documents: 
document defining the general state of the art which is not 
considered to be of particular relevance 

earlier document but published on or after the international filing 
date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



"X" 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
23 March, 2004- (23.03.04) 



I Name and mailing address of the ISA/ 

Japanese Patent Office 



Facsimile No. 



Form PCT/ISA/21 0 (second sheet) (July ] 998) 



Date of mailing of the international search report 
13 April, 2004 (13.04.04) 



Authorized officer 



Telephone No. 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/16818 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 2002-270586 A (Tokyo Electron Ltd.)/ 
20 September, 2002 (20.09.02), 
Par. Nos. [0016] to [0058] 
& WO 02/73674 Al 

JP 05-279877 A (Nisshin Denki Kabushiki Kaisha) , 
26 October, 1993 (26.10.93), 
Par. Nos. [0018] to [0056] 
(Family: none) 



Relevant to claim No. 



1-13 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



